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Abstract In this paper, the methodology of the directed
relation graph with error propagation and sensitivity analy-
sis (DRGEPSA), proposed by Niemeyer et al. (Combust
Flame 157:1760–1770, 2010), and its differences to the orig-
inal directed relation graph method are described. Using
DRGEPSA, the detailed mechanism of ethylene contain-
ing 71 species and 395 reaction steps is reduced to several
skeletal mechanisms with different error thresholds. The 25-
species and 131-step mechanism and the 24-species and
115-step mechanism are found to be accurate for the pre-
dictions of ignition delay time and laminar flame speed.
Although further reduction leads to a smaller skeletal mech-
anism with 19 species and 68 steps, it is no longer able to
represent the correct reaction processes.With theDRGEPSA
method, a detailed mechanism for n-dodecane considering
low-temperature chemistry and containing 2115 species and
8157 steps is reduced to a much smaller mechanism with
249 species and 910 steps while retaining good accuracy.
If considering only high-temperature (higher than 1000 K)
applications, the detailed mechanism can be simplified to
even smaller mechanisms with 65 species and 340 steps or
48 species and 220 steps. Furthermore, a detailed mecha-
nism for a kerosene surrogate having 207 species and 1592
steps is reduced with various error thresholds and the results
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show that the 72-species and 429-step mechanism and the
66-species and 392-step mechanism are capable of predict-
ing correct combustion properties compared to those of the
detailed mechanism. It is well recognized that kinetic mech-
anisms can be effectively used in computations only after
they are reduced to an acceptable size level for computation
capacity and at the same time retaining accuracy. Thus, the
skeletal mechanisms generated from the present work are
expected to be useful for the application of kinetic mecha-
nisms of hydrocarbons to numerical simulations of turbulent
or supersonic combustion.

Keywords Reduced chemistry · Hydrocarbons ·
Directed relation graph · Ignition delay time

1 Introduction

Hydrocarbons have been widely used to provide energy and
power in many engineering applications, and their combus-
tion properties are one of the most critical technical issues.
Reactions of hydrocarbons, especially with those with large
molecules, consist of, e.g., the thermal decomposition of
paraffins and cycloalkanes and the formation of alkyl rad-
icals, reactions with oxygen atoms and generation of formyl
radicals, formation of carbon monoxide and carbon diox-
ide, and low temperature reaction routes. Therefore, kinetic
mechanisms must contain sufficient numbers of species and
elementary reactions for an accurate prediction of reaction
processes, ignition and extinction properties, flame propa-
gation, and pollutant formation. The number of species and
reaction steps for a comprehensive detailed mechanism of
hydrocarbons usually reaches hundreds or even thousands,
so the direct application of detailed mechanisms in computa-
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tional fluid dynamics (CFD) simulations becomes infeasible.
For example, the detailed mechanism for ethylene proposed
by Wang and Laskin [1] includes 71 species and 395 reac-
tion steps; the size of themechanism for n-heptane developed
by Curran et al. [2], however, increases to 561 species and
2539 steps. For hydrocarbons with large molecules such as
n-dodecane, the size of the detailed mechanism is even big-
ger! The mechanism published by Westbrook et al. [3] for
n-alkanes, comprising 2115 species and 8157 reaction steps,
cannot be practically implemented in CFD codes for even
two-dimensional turbulent flow problems. Detailed mecha-
nisms of hydrocarbonswith hundreds or thousands of species
and steps cause a significant increase in computational cost
for the solution of the governing equations (species and
energy conservation equations), which becomes a bottleneck
for numerical simulation of reacting flows. At the same time,
the so-called stiffness [4] due to variations in characteristic
times of elementary reaction steps leads to low efficiency in
the temporal convergence of the solution, resulting in further
significant increase in the computational cost. Hence, it has
been shown that reduction of a detailed reaction mechanism
into a simpler and smaller one that is acceptable for CFD
simulations is one of the key issues for numerical modeling
of chemically reacting flows.

In the recent 20 years, the reduction methods for chemi-
cal kinetic mechanisms have been continuously developed,
as reviewed recently by Lu and Law [5] and Pope [6] in the
context of turbulent combustion modeling. Sensitivity analy-
sis (SA) is one of the earliest methods (e.g. Refs. [7,8]). The
basic idea of SA is to analyze how the change in the species
fractions would affect key parameters of the reaction system
such as, e.g., ignition delay time or the formation rates of
radicals, to determine the relative importance of species, and
the unimportant species and reaction steps are then elimi-
nated. The SA method still retains many species and steps,
and its reduction efficiency is relatively low, especially for
large reaction mechanisms. The computational singular per-
turbation (CSP) method proposed by Lam [9] analyzes the
Jacobian matrix of the species rate equations and identifies
the species which contribute to fast and slow processes in
the reaction system. Similar to the SA method, reduced or
skeletal mechanisms obtained with CSP are still relatively
large, and other reduction processes are usually required for
further reductions. The reduction methods based on quasi-
steady state (QSS) assumption developed by Peters [10] and
Chen [11] have also been widely used. The QSS method,
however, needs to compute local concentrations of the quasi-
steady species in terms of molar fractions of the other species
and local temperature and pressure via complex matrix oper-
ations (cf. Refs. [12,13]). Calculation of large-size matrices
would slow down the computation and affect stability of the
numerical scheme. To the authors’ experiences in the usage
of theQSSmethod, the reduction in the species number is not

proportional to the rate of speed-up of the computation, and
for turbulent combustion modeling with large fluctuations,
the stability of the numerical scheme diminishes and the
solution converges much slower. Meanwhile, other method-
ologies such as dimension reduction or tabulation have been
developed to accelerate reactive-flow simulations, e.g., the
work of Pope and coworkers [14–16].

The directed relation graph (DRG) method was proposed
byLu andLaw [17] for efficientmechanism reduction. Based
on a directed graph representing interdependence of species
in the mechanism, the DRG method evaluates the contribu-
tion of other species to the production or consumption rate
of the pre-set target species and deletes species with weak
contributions. The detailed procedure for the DRG method
and its reduction performance can be found in the literature
[17–19]. TheDRGmethod has very high reduction efficiency
especially for large-size reaction mechanisms. The original
DRG method was modified by Pepiot-Desjardins and Pitsch
[20], who developed the directed relation graph with error
propagation (DRGEP) method. Instead of only emphasiz-
ing the importance of single graph edges as DRG does,
the DRGEP method considers propagation of the induced
error along the graph paths and evaluates the overall impor-
tance of all the species to the target species. The DRGEP
method [20–22] improves the effectiveness of mechanism
reduction for a given accuracy level compared to the DRG
method. Recently, Niemeyer et al. [21] proposed a method of
directed relation graph with error propagation and sensitivity
analysis (DRGEPSA), in which sensitivity analysis of cer-
tain remaining species is conducted after the DRGEP phase.
It was shown that DRGEPSA produces more compact skele-
tal mechanisms for the same level of accuracy compared to
DRG or DRGEP alone [21].

In addition to a priori skeletal mechanism reduction tech-
niques that generate a single mechanism for use throughout
an entire simulation, recently, adaptive or dynamic mech-
anism reduction techniques, typically employing methods
such as DRG and DRGEP, have been demonstrated. For
example, Liang et al. [23,24] developed one of the first such
dynamic reduction methods using DRGEP, followed by the
efforts of Yang et al. [25], Shi et al. [26], and Ren et al. [27].
Significant speed-ups in the computation of reacting flows
can be achieved using such an approach, though the issue of
a priori error control remains a challenge.

In this paper, the main process of DRGEPSA and its
differences to the original DRG will first be addressed.
UsingDRGEPSA, a detailedmechanism for ethylenewith 71
species and 395 reaction steps proposed byWang and Laskin
[1] is reduced with varied accuracy levels. The resulting
skeletal mechanisms are examined based on the comparison
of ignition delay times and laminar flame speeds determined
with the skeletal mechanism, the detailed mechanism, and
experimental data available in literature. In addition, reduc-
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tions of reaction mechanisms for large hydrocarbon fuels
such as n-dodecane and a kerosene surrogate are conducted.
The detailed mechanism of C8–C16 n-alkanes—including
low-temperature chemistry—developed by Westbrook et al.
[3] is reduced into several skeletal mechanisms with varying
levels of accuracy and applicable temperature ranges. The
mechanism with 207 species and 1592 reaction steps for a
three-species surrogate for kerosene, a mixture of n-decane
(74%), n-propylbenzene (15%), and n-propylcyclohexane
(11%) in volume, introduced byDagaut [28], is also reduced.
It will be shown in due course that skeletal mechanisms with
72 species/429 steps and 66 species/392 steps are obtained
with satisfactory accuracy. The present work is expected to
provide foundations for incorporating realistic chemistry of
hydrocarbons into large-scale turbulent or supersonic com-
bustion modeling.

2 Methodology of DRGEPSA

The key features of DRGEP are first presented briefly in this
section. Formore detailed descriptions, please refer to the lit-
erature [20–22]. For a reaction system, the overall production
rate of species S1 can be expressed as:

Rs1 =
N∑

i=1

νs1, iωi , (1)

where ωi is the net reaction rate of the i-th reaction step that
can be positive or negative, νS1,i is the overall stoichiometric
coefficient of S1 for the i-th step, and N is the total number
of the reaction steps in the reaction mechanism.

To evaluate quantitatively the dependency of another
species S2 on S1, a non-dimensional coefficient rS1,S2 , the
so-called “direct interaction coefficient” (cf., Refs. [20–22]),
is calculated as follows:

rS1,S2 =

∣∣∣∣
N∑
i=1

νS1,iωiδ
i
S2

∣∣∣∣

max(P1, P2)
, (2)

where δiS2 = 1 if the i-th reaction step involves species

S2, otherwise δiS2 = 0, P1 =
N∑
i=1

max
(
0, νS1,iωi

)
and

P2 =
N∑
i=1

max
(
0,−νS1,iωi

)
. P1 and P2 are the sums of the

production and consumption rates, respectively, of the reac-
tion steps involving species S1.

Figure 1 shows a directed relation graphwith various path-
ways between species A and E. As shown in the figure, the
value given to the edge representing species relations such
as A → B includes all the elementary reactions having both

A

B C

E D

A,Br
A,Cr

DCr ,

D,ErB,Er
A,Er

Fig. 1 A directed relation graph of species A and E

species A and B in either the products or reactants. In the
DRG method [17–19], only the direct connections between
species are used to determine the importance of species
to the targets. In contrast, the DRGEP method considers
species further away from targets to be less important, geo-
metrically damping the importance through indirect graph
edges. In addition to direct connections between species, such
indirect relations (through interactions with other species)
can be observed in the graph. Given below is the equation
used to calculate rAB,p, the so-called path-dependent interac-
tion coefficient [20–22], which measures the dependence of
species B to species A based on a certain path in the graph:

rAB,p =
m∏

j=1

rS j ,S j+1 . (3)

There are in total three graph pathways between species A
and E as shown in Fig. 1 and they are calculated as rAE,1 =
rA,BrB,E, rAE,2 = rA,E, rAE,3 = rA,CrC,DrD,E.

Next, the overall interaction coefficients, RAE, for DRG
and DRGEP can be respectively defined as:

RDRG
AE = max(rA,B, rB,E, rA,E, rA,C, rC,E, rD,E) (4)

and

RDRGEP
AE = max(rAE,1, rAE,2, rAE,3). (5)

In the DRGEP method, RDRGEP
AE is the overall importance

measure for species, which considers propagation of the
induced error along graph pathways. On the other hand,
RDRG
AE in the DRG method relies on the individual connec-

tions between species. Practically, RDRGEP
AE is determined

for all species through a graph search initiating at the tar-
get species, using Dijkstra’s algorithm as demonstrated by
Niemeyer and Sung [22].

The species E would be removed from the mechanism
when RDRGEP

AE ≤ εEP, where εEP is an error threshold. The
value of εEP can be given a priori (e.g., approximately 0.001),
or it can be automatically determined by comparing the
ignition delay times calculatedwith the parent detailedmech-
anism and the resulting skeletal mechanism over a range of
conditions (in terms of temperatures, pressures, and equiva-
lence ratios) and iterating based on a pre-set error limit δEP
[21].
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The mechanism reduced by DRGEP can be further ana-
lyzedwith sensitivity analysis; seeRef. [21] for details.Using
εEP < RAE < ε∗ (where the upper threshold ε∗ is set as 0.1
for all the present cases [21]), limbo species can be identified
for the brute-force sensitivity analysis [21,29]. Briefly, limbo
species are removed one by one and the errors induced by
their individual removal are evaluated. Then, these induced
errors are used to sort the species for removal, and species are
removed in this order until the error reaches the user-defined
limit.

3 Results and discussions

3.1 Skeletal mechanisms of ethylene

The reduction of a detailed ethylene mechanism is first dis-
cussed. The detailed mechanism developed by Wang and
Laskin [1] includes 71 species and 395 reaction steps. Com-
parisons of ignition delay times and laminar flame speeds
calculated with the detailed mechanism and experimental
data (ignition delay times taken from Saxena et al. [30], with
laminar flame speeds taken from Gibbs and Calcote [31] and
Egolfopoulos et al. [32]) demonstrate the accuracy of the
detailed mechanism.

With a stoichiometric ethylene/air mixture, an input tem-
perature range of 1100–1500 K, an input pressure of 1×105

Pa, and the error limit δEP set as 30% (resulting in εEP = 0.03
determined iteratively), the detailedmechanism is reduced to
a skeletal mechanism containing 25 species and 131 reaction
steps. Figure 2a compares the ignition delay times calculated
by the detailed mechanism and this skeletal mechanism. The
two curves almost overlap with each other with a maximum
discrepancy of 7% only. Moreover, Fig. 2b compares the
laminar flame speed results. Similarly, this skeletal mecha-
nism gives good predictions of laminar flame speeds with a
maximum difference of only 5% over the range of condi-
tions investigated. In Fig. 2b, experimental data from Gibbs
and Calcote [31] and Egolfopoulos et al. [32] are also plot-
ted.

Relaxing the error threshold εEP by limiting the tem-
perature range further decreases the number of species
and reaction steps, leading to skeletal mechanisms with 24
species and 115 steps (εEP = 0.038) and with 19 species
and 68 steps (εEP = 0.163). Table 1 summarizes the species
included in the three skeletal mechanisms generated herein.

Figure 3a presents the ignition delay times predicted
by the detailed mechanism as well as the 24-species and
19-species skeletal mechanisms. From the comparison, it
is found that the 24-species skeletal mechanism can give
satisfactory results except in the high-temperature region
(1400–1500 K), where a relatively large (but still accurate
enough for numerical simulations) discrepancy of about 25%

Fig. 2 Comparison of the detailed mechanism with the 25-species
skeletal mechanism. a Ignition delay time. b Laminar flame speed

is observed. For the ignition delay time predictions using the
19-species skeletal mechanism, however, significant differ-
ences from those obtained using the detailed mechanism,
especially in the temperature range of 1000–1100 K, are
observed. Figure 3b further shows the results of laminar flame
speed calculations. Similar to the ignition delay times, the 24-
species skeletal mechanism has good accuracy in predicting
laminar flame speeds over the conditions tested. On the other
hand, the 19-species skeletal mechanism yields poor predic-
tions, and even incorrectly predicts the overall trend in terms
of the laminar flame speed variationwith fuel/air equivalence
ratio.

Further study has been conducted to identify the impor-
tance of individual species that are removed from the
24-species skeletal mechanism and their associated reac-
tions. It is found that the deletion of C2H5 and CH4 from
the 24-species skeletal mechanism causes significant error
in ignition delay times at temperatures below 1200 K, as
shown in Fig. 4a. The exclusion of HCCO leads to under-
estimation of flame speed in the entire fuel/air equivalence

123



736 F. Zhong et al.

Table 1 Species of the resulting skeletal mechanisms for ethylene combustion

Skeletal mechanism Retained species Deleted species

25-species H2, H, O, O2, OH,
H2O, HO2, H2O2, CH2, CH2*, CH3, CH4,
CO, CO2, HCO, CH2O, CH3O, C2H2, C2H3,
C2H4, C2H5, HCCO, CH2CO, C2H3O, N2 C, CH, CH2OH, CH3OH, C2H, C2H6, HCCOH,

AR, C2O, C3H2, C3H3, PC3H4, AC3H4, C4H,
C4H2, H2C4O, n-C4H3, i-C4H3, C4H4, n-C4H5,
i-C4H5, C4H6, C4H6-12, C5H2, C5H3, C6H,
C6H2, C6H3, l-C6H4, c-C6H4, n-C6H5, i-C6H5,
l-C6H6, n-C6H7, i-C6H7, c-C6H7, C6H8, A1, A1−,
C6H5O, C6H5OH, C5H6, C5H5, C5H5O,
C5H4OH, C5H4O

24-species H2, H, O, O2, OH, H2O, HO2, H2O2, CH2, CH3,
CH4, CO, CO2, HCO, CH2O, CH3O, C2H2,
C2H3, C2H4, C2H5, HCCO, CH2CO, C2H3O,
N2

CH2*

19-species H2, H, O, O2, OH, H2O, HO2, CH3, CO, CO2,
HCO, CH2O, CH3O, C2H2, C2H3, C2H4,
CH2CO, C2H3O, N2

H2O2, CH2,
CH2*, CH4,
C2H5, HCCO

CH2* denotes singlet methylene radical

ratio range—as demonstrated in Fig. 4b—since HCCO is
a critical species for the formation of CO and CO2 and
for the heat release. CH2 is the only species that may be
deleted without affecting the overall accuracy of the skele-
tal mechanism. Figure 5a and b present the comparison of
the ignition delay times and flame speeds calculated by the
detailed mechanism and the 23-species skeletal mechanism
(where CH2 is removed from the 24-species skeletal mech-
anism). Maximum discrepancies of 24 and 5% are found in
Fig. 6 for ignition delay time and laminar flame speed predic-
tions, respectively. The above study reveals that with certain
accuracy (less than 30% in the error of ignition delay times
and less than 15% in the error of laminar flame speeds),
there exists a minimum number of species for skeletal mech-
anisms.

3.2 Skeletal mechanism of n-alkanes with
low-temperature chemistry

The detailed mechanism for C8 −C16 alkanes developed by
Westbrook et al. [3] is reduced to show the performance of
DRGEPSA for large-size mechanisms. The detailed mecha-
nism consists of 2115 species and 8157 reaction steps, and it
has been validated to be accurate in a temperature range of
600–1500 K and at pressures less than 30 atm as described in
Ref. [3]. The inclusion of low-temperature chemistry (600–
900 K) increases the mechanism size. Using n-dodecane as
the fuel and with a stoichiometric n-dodecane/air mixture,
an input temperature range of 800–1500 K, an input pres-
sure of 1 atm, and the error limit δEP set as 30% for the
full temperature range (resulting in εEP = 0.0003), a skele-

Fig. 3 Comparisons of the detailed mechanism and the 24-species and
the 19-species skeletal mechanisms. a Ignition delay time. b Laminar
flame speed
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Fig. 4 Comparison of the detailedmechanismwith the skeletalmecha-
nisms resulting from the removal of species from the 24-species skeletal
mechanism. a Ignition delay time. b Laminar flame speed

tal mechanism with 249 species and 910 reaction steps is
obtained. Fig. 6 shows the comparison of ignition delay times
obtained with the detailed and the skeletal mechanisms. It
is seen in the full temperature range of 600–1500 K that
the two curves agree well with each other with a maximum
difference of only 26%. However, a skeletal mechanism of
249 species is still considerably large when it is desired
to be used in multidimensional computations. For many
supersonic combustor flows in scramjets, the static temper-
ature at the combustor entrance has already risen to a high
value due to the compression effect of the scramjet inlet (cf.
Refs. [33,34]). If considering only high-temperature chem-
istry (> 900 K), such skeletal mechanisms can be further
reduced.

Figure 7 shows the ignition delay times predicted with
two skeletal mechanisms. Both skeletal mechanisms have
much fewer species (65 and 48 species) than the previ-
ous one (249 species). As shown in Fig. 8, in the high
temperature range (1000–1500 K), both smaller skeletal

Fig. 5 Comparison of the detailed mechanism with the skeletal mech-
anism resulting from the removal of CH2 from the 24-species skeletal
mechanism. a Ignition delay time. b Laminar flame speed

mechanisms give relatively satisfactory results compared
with the detailed mechanism, but in the lower temperature
range (≤900K), they are no longer able to represent correctly
the detailed mechanism. It is also found that the 65-species
skeletal mechanism performs better than the 48-species
skeletal mechanism at temperatures larger than 1200 K.
For the 48-species skeletal mechanism, an error of 50% is
observed at temperatures close to 1300K, beyond the desired
error tolerance of 30%.

3.3 Skeletal mechanism of a kerosene surrogate

Finally, a detailed mechanism of a kerosene surrogate is
tested. The detailed mechanism taken from Dagaut [28] con-
sidered three fuel components (n-decane, n-propylbenzene,
and n-propylcyclohexane) in the surrogate mixture and con-
sisted of 207 species and 1592 reaction steps. The detailed
mechanismhas beenvalidatedwith comparisons to the exper-
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Fig. 6 Variation of ignition delay time with temperature obtained by
the detailed mechanism and the 249-species skeletal mechanism

Fig. 7 Variation of ignition delay time with temperature obtained by
the detailedmechanism and the 65- and 48-species skeletal mechanisms

imental data of jet-stirred reactor (JSR). In light of the
study of Fan et al. [34], a three-component surrogate, con-
taining 49% n-decane, 44% n-propylcyclohexane, and 7%
n-propylbenzene in molar percentages, which has different
composition from that of Dagaut [28], is used in order to
model better China No. 3 aviation kerosene.

It is worth noting that the detailed mechanism of Dagaut
[28] included mainly high-temperature chemistry, and hence
it is only valid in the high-temperature regime, i.e., tem-
peratures should be no less than 1000 K. Figure 8 shows
the ignition delay times at two pressures predicted by the
detailed mechanism and a skeletal one with 72 species and
429 reaction steps. The skeletal mechanism is obtained with
a stoichiometric surrogate/air mixture, an input tempera-
ture range of 1100–1400 K, an input pressure of 1 atm,
and the error limit δEP set as 30% (resulting in εEP =
0.055). It is also noted that the two pressures of 1 and 6

Fig. 8 Comparisons of ignition delay times obtained with the detailed
mechanism and the 72-species skeletal mechanisms at two pressures

Fig. 9 Comparisons of ignition delay times obtained with the detailed
mechanism as well as the 66- and the 64-species skeletal mechanisms
at two pressures

atm. in Fig. 8 represent the typical lower and upper limit
values for supersonic combustor flows (cf. Refs. [33,34]).
Figure 8 indicates that the 72-species skeletal mechanism
works quite well and the maximum discrepancy with the
detailed mechanism is 31%. By further decreasing the input
temperature range, the size of the skeletal mechanism can
be further decreased to 66 species and 63 species. Fig-
ure 9a and b present the ignition delay results obtained
using these two skeletal mechanisms at pressures of 1× 105

and 6 × 105 Pa. The 66-species mechanism can still give
relatively good results of ignition delay times with a max-
imum discrepancy of 33%. The 63-species mechanism,
however, predicts some different results, especially in the
temperature range of 1000–1200 K, where the maximum
discrepancy may reach 200%. The present results also indi-
cate that the accuracy of the skeletal mechanism decreases
with decreasing number of species, and hence a minimum
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number of species should be retained to ensure a desirable
accuracy.

4 Conclusions

In this paper, the methodology of DRGEPSA, proposed by
Niemeyer et al. [21], is described. Using DRGEPSA, the
detailed mechanism of ethylene, containing 71 species and
395 reaction steps, is reduced to several skeletal mechanisms
with different error thresholds. With comparisons of ignition
delay times and laminar flame speeds calculated between the
skeletal mechanisms and the detailed mechanism, it is found
that the 25 species and 131 step mechanism can accurately
match the detailed reaction mechanism with a maximum
error percentage of only 7% for ignition delay times and
5% for laminar flame speeds. The 24 species and 115 step
skeletal mechanism is also accurate enough, but with a larger
error percentage of 25%. Further reduction leads to the 19
species and 68 step skeletal mechanism. However, it gives
poor results and is no longer able to represent the correct
combustion process.

Reduction of a detailed mechanism for n-dodecane com-
bustion including the low-temperature chemistry is then
studied. The original detailed mechanism with 2115 species
and 8157 reaction steps can be reduced to a much smaller
one with 249 species and 910 steps, while still retaining good
accuracy. If considering high-temperature applications (tem-
peratures higher than 1000K), the detailedmechanismcan be
simplified to much smaller mechanisms with only 65 species
and 340 steps or 48 species and 220 steps.

Finally, a detailed mechanism of a three-component
kerosene surrogate, having 207 species and 1592 reaction
steps, is reduced using varying levels of accuracy. It is found
that skeletal mechanisms with 72 species and 429 steps, and
66 species and 392 steps, are capable of obtaining results
close to those of the detailed mechanism. It is also shown
that a smaller skeletal mechanism with 63 species and 324
steps is not able to give correct results due to the loss of some
critical radicals such as C4H6.

The chemical kinetic mechanism is recognized as one
of the most critical elements for accurate and effective
numerical simulation of supersonic or turbulent combustion,
especially for unsteady problems involving, e.g., ignition,
extinction, and flame propagation. Reaction mechanisms
can be effectively used in computations only after they are
reduced to an acceptable size for a given computational
capacity, while at the same time retaining the desired accu-
racy. Thus, the present work is expected to be helpful for
the application of realistic chemistry of hydrocarbon fuels
to numerical simulations of turbulent or supersonic combus-
tion.
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